Objective: To evaluate negative appendectomy (NA) and the relationship of NA and computed tomography (CT) and/or ultrasound (US). Summary Background Information: NA may be influenced by the use and accuracy of preoperative CT/US. The Surgical Care and Outcomes Assessment Program (SCOAP) gathers chart-abstracted process of care data (such as CT/US accuracy) for general surgical procedures (including appendectomy) at most Washington State hospitals. Methods: We determined the prevalence of NA and CT/US concordance at the 15 SCOAP hospitals with Ͼ50 consecutive patients undergoing appendectomy (2006 -2007). Results: The number of patients who underwent urgent appendectomies was 3540. The percentage of patients who had imaging (CT-91%) was 86% (women-89%, men-83%). The use of imaging ranged across hospitals from 56% to 97%. There was 91% agreement between imaging and pathology report findings (92.3%-CT and 82.4%-US). The overall rate of NA was 6% (women-8%, men-4%). The prevalence of NA was 9.8% among patients having no imaging, 8.1% among those having an US, and 4.5% in those having a CT. Among patients with NA, CT/US was obtained in 75%; correct in 10% and incorrect or ambiguous in 65%. Higher rates of NA were correlated with lower rates of CT/US concordance (r ϭ Ϫ0.57). There was no significant difference in rates of perforation between those with (17%) and without (15%) imaging (P ϭ 0.2). There were significant increases in the use of CT/US and decreases in NA over the time period (P Ͻ 0.01). Conclusions: The prevalence of NA at SCOAP hospitals decreased significantly. Variation in NA between hospitals was linked closely to CT/US accuracy suggesting CT/US accuracy should be considered a measure of quality in the care of patients with presumed appendicitis.
ered a measure of quality in the care of patients with presumed appendicitis.
(Ann Surg 2008;248: 557-563) E ach year, over 250,000 appendectomies for presumed appendicitis are performed in the United States, with approximately 15% demonstrating no evidence of appendicitis, a condition often referred to as a "negative" appendectomy (NA). 1 Nearly a billion healthcare dollars are spent each year on NA, and its impact on patients is not inconsiderable.
1,2 Some NAs are potentially avoidable through the use of advanced diagnostic testing ͓computed tomography (CT) and ultrasound (US)͔ [3] [4] [5] [6] [7] [8] or standardized diagnostic algorithms and scoring systems. 9 -11 Given that NA may represent a failure of diagnostic approaches to a patient with abdominal pain, a lower rate of NA has been considered a measure of quality in surgical and emergency care, and considerable effort has gone into strategies aimed at decreasing NA.
Despite repeated case series demonstrating high levels of diagnostic accuracy with CT and US, [12] [13] [14] prior work by our group suggested that the widespread proliferation of advanced diagnostic imaging did not significantly impact the rate of NA in the 1990s. Among all patients in Washington State undergoing appendectomy, the rate of NA did not change over the time period of CT/US availability, with women of reproductive age undergoing NA in nearly 1 of every 4 cases. 15 The availability of clinically important variables in that administrative database and miscoding bias within administrative claims 16 limited our ability to evaluate the reasons for this disconnect between better diagnostic technology and lower rates of misdiagnosis. A subsequent evaluation using data from a large Health Maintenance Organization in the Puget Sound Region confirmed this temporal finding and found that the limited impact of CT/US in that system was related to limited sensitivity. In that series the combined sensitivity of US and CT was only 74% with a positive predictive value (PPV) of 95%. CT scans were 88% sensitive with 97% PPV. USs were 69.5% sensitive with a PPV of 94%. More than 1 in 5 tests obtained in patents with NA were positive for appendicitis (22% for CT and 20% for US). At the conclusion of that study, we cautioned hospitals and practitioners against over-reliance on CT/US for the diagnosis of appendicitis and emphasized the need for test benchmarking in routine practice before establishing protocols for presumed appendicitis. 17 The Surgical Care and Outcomes Assessment Program (SCOAP) was developed in 2004 to evaluate and then improve the processes of care and outcomes of surgical care at hospitals across the State of Washington. 18 SCOAP is a voluntary initiative, now at 26 hospitals representing most of the general surgical care performed in the state. SCOAP relies on prospective, chart-based data abstraction (ie, operative, pathology, radiology reports) of important components of surgical processes of care and in-hospital outcomes. Along with many general surgical procedures, SCOAP gathers data on patients having appendectomy and considers NA a quality of care metric especially when it is "potentially preventable." The SCOAP management committee identifies a potentially preventable NA when there is a NA when no preoperative CT/US is obtained, when CT/US results are different (discordant) from the pathologic findings identified (a component of false positive testing), or when correct, concordant tests are over-ruled.
The aim of this study was to describe the rates of preventable NA among SCOAP hospitals and to evaluate the relationship of CT/US use and concordance with rates of NA. Our hypotheses were that on a community level, CT/US would be less accurate than reported in the research environment and that in hospitals where NA occurs at a higher rate, accuracy of CT/US is limited.
METHODS

Study Design
SCOAP is a prospectively gathered clinical registry with data drawn from the in-hospital medical record by trained abstractors at each clinical site. Anticipated questions regarding the accuracy of diagnostic tests and these hypotheses were considered a priori. The Washington State Department of Health Institutional Review Board approved this study.
Setting
Fifteen Washington State hospitals (see Appendix for listing of participating hospitals) were included in the analysis of imaging concordance because they provided at least 50 appendectomy cases during at least 2 consecutive quarters. Five currently collecting SCOAP hospitals did not meet these criteria; 6 other hospitals have recently joined the SCOAP collaborative.
Data Sources and Characteristics
Information regarding demographic and clinical characteristics of patients was drawn from admission documents. Information on clinical indication, operative findings, pathology, and radiology interpretations was taken from the documented record using standard definitions. Monthly quality control meetings of data abstractors were used to verify that charts were evaluated in a similar fashion and an auditing process was carried out at each hospital by involved surgeons and quality improvement teams.
Definitions
The data metrics and data dictionary for SCOAP are publicly available (www.surgicalCOAP.org) Non-incidental, urgent appendectomy was defined using data from admission status, preoperative assessment, H&P, and operative report. Comorbid Conditions. A comorbidity index score was modeled on the Charlson comorbidity index and calculated based on the record of the following comorbid conditions: coronary artery disease; asthma, diabetes, HIV/AIDS, and creatinine 2.0 mg/dL or greater. Points were assigned for each of the comorbid conditions: coronary artery disease, asthma, and diabetes (1 point each); high creatinine (2 points); HIV/AIDS (6 points 
Quality Metrics
Negative Appendectomy. The absence of appendicitis on pathology report. Concordance Between Imaging and Pathology. Imaging and pathology were considered concordant if imaging results were consistent with appendicitis and pathology was positive; or imaging results were not consistent with appendicitis and pathology did not show appendicitis; indeterminate imaging results were considered discordant regardless of pathology because they would not inform the surgeon in the affirmative about the presence of appendicitis.
Analysis
Calculating Diagnostic Test Performance
To determine the complete test characteristics ͓sensi-tivity, specificity, PPV, and negative predictive value (NPV)͔ of CT/US, additional information on true negatives (including those patients who had a negative test and did not undergo appendectomy) and patients who had a positive test but who were not operated on and did not have appendicitis (false positives) would be needed. This study design provided information on only a subset of the true negatives and false negatives (derived from those whose test was negative and who nonetheless underwent appendectomy) and a subset of the true positives and false positives (derived from those whose test was positive and who had an appendectomy). It is possible that a patient might have eventually had an appen-dectomy at a non-SCOAP hospital and not be captured in this dataset. As a result SCOAP data can be used to estimate sensitivity and PPV among operated patients but cannot be used to calculate complete sensitivity, specificity, and NPV. We determined discordance; how often test results were positive when no appendicitis was identified at appendectomy or how often test results were negative among patients who had appendicitis. Rates of perforation of appendix by pathology report (but not by radiology reports) were also calculated.
Analysis
Comparative statistics were applied to distinguish patients with and without appendicitis. To describe trends over time, a test of trend (statistical level set at P Ͻ 0.05) was used. Pearson's correlation coefficients were calculated for relationship of imaging use and accuracy by hospital. A parsimonious, logistic regression model was developed evaluating the effect of patient and clinical characteristics (found to be relevant in univariate analysis) on the odds of a NA, adjusting for similarities in patients treated at different hospitals (clustering) using a generalized estimating equation. For tests of trend over time, it should be noted that the 15 hospitals enrolling data in this time period did not all begin data entry at the same time and this represents "a rolling average." Most of the larger hospitals that contributed the greatest proportion of procedures were in SCOAP from the beginning and continued throughout the time period. An educational intervention and regular data feedback to surgeons, QI staff, and radiologists were occurring during the time period that makes up this evaluation period. STATA was used for all analyses (Version 9, STATACorp, College Station, TX).
RESULTS
Three thousand five hundred and forty patients (mean age 31.8 Ϯ 18.9, 46.5% women) underwent urgent, nonincidental appendectomy. The overall rate of NA was 5.6% (women 8%, men 4%). The rate of perforation was 16.8%.
Patient and clinical factors associated with NA are listed in Table 1 . Patients undergoing NA were more likely women, had lower WBC counts, were more likely to have had a laparoscopic appendectomy, and were less likely to have had CT/US. The prevalence of NA was 10% among patients having no imaging, 8% among those having an US, and 4.5% in those having a CT (P Ͻ 0.01). After adjusting for age, sex, and WBC counts the odds of a NA were 2.3 fold greater (95% CI; 1.4 -3.6) among those who did not have CT/US.
Of all patients, 86% (women 89%, men 83%) had preoperative imaging (CT 91%, US 9%). The rate of imaging across hospitals ranged from 56% to 97%. There was 90.6% concordance between imaging and pathology report findings (92.3% CT and 82.4% US). The use of CT/US increased from 80% to 90% of operated patients over time (test of trend: P Ͻ 0.001) (Fig. 1A) but although concordance of scans improved slightly for 6 consecutive quarters the overall test of trend did not demonstrate a significant increase in concordance (Fig.  1B) . Contemporaneous to these changes in CT/US use and concordance of the prevalence of NA decreased significantly (test of trend: P ϭ 0.01) (Fig. 2) .
Twenty-five percent of patients with a NA did not have preoperative imaging. Seventy-five percent of patients with a NA had preoperative CT/US. Sixty-five percent of patients with NA had imaging that was either incorrect (eg, suggestive of appendicitis) or ambiguous, and 10% had negative imaging results matching the negative pathology. The range of NA prevalence between hospitals ranged from 0% to 11% and higher rates of NA were associated with lower rates of CT/US concordance (Correlation Coef (r) ϭ Ϫ0.57) (Fig. 3A) . Lower prevalence of NA was not as closely correlated with CT/US (r ϭ Ϫ0.19) use alone, suggesting that the use of accurate CT/US rather than simply the use of imaging is most closely related to rates of NA (Fig. 3B) . NA variation was not associated with the differential use of CT compared with US (r ϭ 0.12) or the varying use of laparoscopy (r ϭ 0.08). To further evaluate changes in the rate of NA over time and 
DISCUSSION
This study demonstrated a significant reduction in NA at SCOAP hospitals contemporaneous to increased use of preoperative diagnostic imaging. There was wide variation in both the use and concordance of imaging across participating hospitals, and those hospitals with lower rates of NA tended to be those with greater imaging concordance. Our finding that 15 hospitals in the general community reduced the prevalence of NA dramatically during the span of this QI initiative and without a concomitant increase in perforation rates is noteworthy. The findings that within this collaborative NA, CT/US use and concordance are related to NA suggest that the concordance of preoperative CT/US with pathology findings should be considered a potentially modifiable quality of care marker.
Although the accuracy of CT/US in our study was about 90%, the accuracy in the research environment is consistently greater than 95%. [3] [4] [5] [6] [7] [8] 12, 19, 20 These research settings often have standardized test readers and established terminology and criteria for evaluating the scan to increase accuracy and avoid "indeterminate" findings. In these settings, diagnostic tests are often performed with the radiologist present and the scan repeated or modified to obtain the best images. The radiology reports obtained in our study may be more reflective of the experience of clinicians in routine practice where radiologists are not always present when the test is being performed, impressions are not standardized, and indeterminate findings are not directed into more standardized reporting. Another way in which this analysis differs from previous reports on diagnostic accuracy is that these results represent the diagnostic testing outcomes across a broad community of patients, hospitals, and radiologists. This is distinguished from single institutional studies where radiologists may have a commonly agreed upon interest in a particular diagnostic modality. Although certain centers within SCOAP had a much lower rate of CT/US concordance, even the relatively high 90.6% rate of the overall group may be an example of the distinction between best practice and "real world" appraisals. This 9.4% prevalence of discordance among images in SCOAP needs to be anticipated and accounted for by clinicians so that its impact on patients can be mitigated. Occasional reports have indicated that the high, reported rates of CT/US accuracy may not be consistently reproduced in the community at large [21] [22] [23] [24] or in certain populations. 25 Furthermore, the issue of incorrect preliminary or "wet reads" has emerged as major limitation to the impact of CT scanning in the ER 26 as have other inconsistencies between CT scans and pathologic findings. 27 Before this report, it had been unclear to our group how surgeons incorporate the results of CT/US in operative decision-making, especially when test findings conflict with clinical assessments. The 3 possible types of preventable NA are cases where no imaging is obtained (no added diagnostic information), imaging is obtained with a positive interpretation (misdiagnosis), and imaging is obtained and correctly negative but over-ruled by the surgeon. In the SCOAP cohort these 3 scenarios occurred in 25%, 65%, and 10% of NA, respectively, and each is a potentially preventable event. QI initiatives targeting negative appendectomy should mix strategies designed to focus on each of the scenario types. Such strategies include retraining of radiologists, performance feedback, and educational interventions for both surgeons and radiologists.
As we have suggested previously, 17 unlike technology used for blood testing which is standardized and benchmarked to acceptable standards of accuracy, 28 radiologic diagnostic tests do not have built-in system-level quality controls that provide for uniform test performance. Human factors and technology collide in this setting and standardization is both more difficult to apply and requires more of a culture shift, such as mandating quality control at the time of imaging performance, repeat imaging if needed to obtain an appropriate quality scan., and perhaps standardization of scanning protocols and slice thickness. 29 Our findings suggest that diagnostic accuracy at all institutions should be periodically examined and that quality improvement activities be targeted toward evolving national standards of potentially preventable NA. In working toward higher concordance and lower NA, the quality improvement intervention in SCOAP was to encourage surgeons to share these performance data with radiologists at their institutions and to begin a dialogue about increasing diagnostic accuracy. To some degree in most centers these data were incorporated into QI discussions. The extent and success of this performance-data feedback across institutions varied and was not tracked by SCOAP. At several institutions this dialogue resulted in improvements in concordance and we believe this, in turn, resulted in significant improvements across SCOAP during the interval studied. Improvements in diagnostic accuracy may not be the source of reduced NA; in fact these improvements in accuracy were modest, whereas increased use of imaging was more significant. Although we speculated that varied use of CT compared with US or varied use of laparoscopy between hospitals might explain variation and, therefore, changes in these might explain improvements, we did not identify these relationships. It may be that the simple process of benchmarking against colleagues, better monitoring of selection for operation of patients likely to have appendicitis, more critical appraisal of negative reporting from radiologists, or other factors may have accounted for these improvements. These areas are the focus of further research.
There are several limitations to this study. Because we did not follow patients who had a negative test and then did not undergo appendectomy, we could not calculate specificity or negative predictive value of the tests. It is possible that the role of CT/US in negative prediction is equally or more beneficial to its role in positive prediction, but this is not directly assessed in SCOAP that uses operative intervention as the unit of capture. Furthermore, SCOAP cannot determine if all patients with positive CT/US underwent appendectomy. If the imaging was suggestive of appendicitis but correctly over-ruled by practitioners, this would represent another, unevaluated limit of diagnostic testing. Additionally, the frequency of US scanning among SCOAP hospitals was limited and, therefore, test accuracy data for US are based on a relatively small number of scans. Because SCOAP captures clinical care as it is represented in the medical records, it is also unclear to what extent pathologists and radiologists were blinded to the final clinical diagnosis of the patient when authorizing their respective reports. This might act as a conservative bias if it resulted in the tests appearing to be more accurate than they were. Another limitation is that by considering all indeterminate tests as "negative," the accuracy of the tests in this study may seem higher or lower than in other studies where indeterminate interpretations are classified by their degree of uncertainty. We considered indeterminate tests as negative because to the surgeon trying to determine if appendicitis is present, an indeterminate study is usually not helpful.
SCOAP is a QI initiative, which recognizes the establishment of the diagnosis of appendicitis can be challenging. Although many institutions nationwide may have incorporated CT/US into their diagnostic regimens, assuming that the excellent published results of test accuracy will translate into improved patient care, these data demonstrate the importance of including the care of patients with appendicitis in ongoing QI initiatives. Concordance of imaging, rates of NA, and potentially preventable NA should be the target of directed quality improvement initiatives, and based on the SCOAP experience can be expected to reduce the rate of nontherapeutic appendectomy. Determining the true role of CT and US in the evaluation of patients with abdominal pain can be challenging. For example, among male patients in SCOAP there was such a low rate of NA that the benefit of routine screening may need to be reconsidered given growing concerns about radiation exposure. However, among patients at 30 performed in the 1990s showed the clear benefit of CT in achieving the correct diagnosis and in minimizing NA. The health economic and system-level implications of universal CT/US in groups at higher risk of NA (ie, women of child-bearing ages and those with atypical presentations) need to be rigorously evaluated along with studies of the effectiveness of these interventions. In addition to facilitating these evaluations in future publications, we think the reduction of NA among these 15 SCOAP hospitals is an opportunity to study the processes of care underlying optimal care and to evaluate the role of surgeon-directed quality improvement activities in improving the care we deliver. SCOAP now extends to over 30 hospitals and as this program grows, so too does our opportunity to better define process of care and outcome metrics of quality, track on them, and ultimately improve them at all hospitals.
flat over time. If we could achieve the same reduction nationwide, about 5000 people would avoid operations they did not need in the first place.
What could other states learn from this study that could reduce their own rates of negative appendectomy? Dr. Flum asserts that the main driver of NA is the quality of imaging interpretation, but perhaps there is something that surgeons could be improving upon.
The main data underlying the authors' conclusions are the cross-sectional association between hospital rates of NA and rates of inaccurate interpretations of imaging tests, but that correlation is almost a given. Virtually all patient imaging for the operating room will result in a "positive" study. Hospitals with higher rates of NA-if only by chance-will always have higher rates of disconcordant imaging studies.
At the same time, the time trend data show a very different story. Rates of NA fell over time and rates of imaging concordance were totally flat, but there was a slow but study rise in the overall use of imaging studies, from about 80% to 90%.
I have two questions. First, have you thought about alternative analytic strategies to clarify the relative contribution between the frequency of imaging versus the quality of interpretation of imaging?
Second, have you considered alternative explanations for variation in rates of NAs across hospitals? Could it be that hospitals differ in their propensity to use ultrasound versus CT scanning? You showed that the overall rate of ultrasound was low, but it could be particularly concentrated in a small number of hospitals.
Alternatively, could there be differences in the propensity to use laparoscopic versus open surgery? As you know, laparoscopic surgery is often used in part as a diagnostic test. Could this practice confound apparent associations between the use of imaging and operative findings? DR. DAVID R. FLUM (SEATTLE, WASHINGTON): We all believe we are expert at the management of appendicitis because we frequently take out appendices and we believe we have honed our skills. The reality is that when left to our own approaches, the rate of negative appendectomy stands at 15% in the general community. Programs like SCOAP aim to reduce NA by tracking the quality of diagnostic testing and by feeding back those data to surgeons and radiologists. We will probably never truly disentangle the positive effects of clinicians from the positive effects of SCOAP data feedback on the clinician in making more effective diagnoses. I appreciate Dr. Birkmeyer's comments about this point of cause and effect because it highlights the difference between a quality of care initiative and a research project.
The goal of SCOAP is to improve the quality of care, and although we do perform research contemporaneous to that, the program is really a QI initiative. If we were conducting a research study exclusively, I believe we could address some of the important issues raised about what is causing change. From a QI perspective, the SCOAP management committee believes that improving the quality of care means not operating on people who do not have disease, paying only for more highly accurate diagnostic information, and using that information appropriately. Using costly and inaccurate diagnostic tests is not particularly helpful, and may be harmful, and it is most certainly a waste of precious healthcare dollars. Furthermore, if we have diagnostic tests that are accurate but not impacting care because we over-rule them, this is also a waste of those resources and a failure of the healthcare system. SCOAP is exploring many reasons that might help explain why rates of NA are falling at SCOAP hospitals. Dr Birkmeyer asks about the effects of improved skill among the radiologists who interpret the scans on the rates of NA. SCOAP is working to distinguish the effects of data feedback to the surgeon from the effect of data feedback on the radiologist, but this is going to be a challenge in the context of a QI project. One of the things we are looking at is whether or not the varying techniques used in imaging are underlying some of the effect we see. As you know, the different use of contrast material at different sites may very well contribute to how effectively they visualize the cecum and whether or not the appendix fills is the sine qua non of appendicitis.
We think that the most effective way to reduce the rate of negative appendectomy is to put every patient on a registry until the quality of care lapses are identified and addressed. There are a few hospitals in our system, which remain as outliers for rates of NA, and there is still much work to do. For many SCOAP hospitals, however, the NA rate may have been driven as low as it can go, and SCOAP is moving on to other areas and operations of interest. In many ways, SCOAP has viewed appendectomy as a "test case" for data driven QI, and I believe these data show that SCOAP passed the test.
